Cross-linked poly(methyl methacrylate)s with various degrees of cross-linking were prepared, and their swelling, dynamic viscoelasticity and uniaxial extension behavior was investigated. For each sample, the values of molecular weight M c between cross-links (and trapped entanglements) evaluated from the equilibrium modulus G eq and the Mooney-Rivlin constants (C 1 +C 2 ) are comparable, while M c evaluated from the gel fraction is somewhat higher than those values. It is suggested from the data of excess storage modulus (G'−G eq ) and the Mooney-Rivlin constant C 2 that untrapped entanglement density decreases slightly while trapped entanglement density increases slightly with increasing degree of cross-linking. The strain-hardening tendency at constant strain rates becomes weaker with increasing crosslinking degree, and the strain-hardening does not appear when M c approaches the entanglement molecular weight M e . It is suggested for cross-linked polymers with rather high cross-linking density that chain breakage will occur before chain strands between cross-links stretch enough to result in the strain-hardening.
INTRODUCTION
For a lightly cross-linked PMMA with a gel fraction of 0.65, we made experimental studies on swelling, dynamic viscoelasticity, and uniaxial and biaxial extensions at constant strain rates. 7) It was found that a prominent strain-hardening behavior appeared in the uniaxial stress growth coefficient, while a weak strain-softening followed by a weak upturn was observed in the biaxial stress growth coefficient.
The objectives of the present study are;
(1) to clarify the effect of network chain density on uniaxial extension behavior in cross-linked polymers with various degrees of cross-linking.
(2) to evaluate the untrapped entanglement density from dynamic viscoelastic properties.
(3) to compare the molecular weight between cross-links (and trapped entanglements) evaluated from the equilibrium modulus, the Mooney-Rivlin equation and the swelling.
EXPERIMENTAL
The gel content and the average molecular weight between ). V 1 is the molar volume of the solvent (80.7cm
and φ is the number of functional groups on a cross-linked point (4). Table I Uniaxial extension behavior at constant strain rates was observed with a Meissner-type uniaxial extensional rheometer (MI-ER-10) of Iwamoto Seisakusho Co., Ltd.
RESULTS AND DISCUSSION

Dynamic viscoelastic properties
Master curves of G' (ω) and G" evaluate the untrapped entanglement density, the frequency dependence of (G'−G eq ) for each sample is plotted in Fig.3 as in the previous paper. 7) At high frequencies (G'−G eq ) gives a plateau. The value of this plateau, G E , decreases slightly with increasing degree of cross-linking, signifying the decrease in the untrapped entanglement density.
Stress-Strain Analysis
The uniaxial extension data at the lowest strain rate are fitted with the Mooney-Rivlin equation. Figure 4 shows the (2) 
Mooney-Rivlin plot of the reduced stress against the reciprocal of extension ratio.
Here, σ n is the nominal stress, λ is the extension ratio, and 2C 1 and 2C 2 are the Mooney-Rivlin constants. Using these constants, we can evaluate the effective network chain density Table III . It is pointed out by Ferry 10) that C 1 includes the contributions from cross-links and trapped entanglements, while C 2 is associated with the contribution only from trapped entanglements. In Table Ⅲ , C 1 clearly increases with increasing degree of cross-linking, and C 2 increases slightly with the cross-linking degree. Considering the behavior of G E and C 2 it can be concluded that untrapped entanglements decrease while trapped entanglements increase with increasing cross-linking degree.
Uniaxial Extension Behavior
In Figs 11)
The stress growth coefficient η + E (t,ε • ) coincides with 3η
short times, and then the coefficient grows above 3η times when the strain-hardening behavior is observed.
Apparently, the strain-hardening behavior is observed for the sample EP1. However, the hardening tendency decreases with increasing degree of cross-linking, and the sample EP9
shows no strain-hardening. From Tables I-III, 
CONCLUSIONS
Using cross-linked PMMAs with various degrees of crosslinking, the swelling, dynamic viscoelasticity and uniaxial 
